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Executive Summary

The 216-U-12 crib, located in the 200 West Area of the Hanford Site, is a regulated unit under the

Resource Conservation and Recovery Act (RCRA). The treatment, storage, and/or disposal (TSD) unit,
active until February 1988, primarily received process condensate from the 224 Building (also known as

the U0 3 Plant), which has impacted the unconfined aquifer. This document contains a revised and

updated monitoring plan for RCRA interim status groundwater assessment, site hydrogeology, and a

conceptual model of the RCRA TSD unit. Please note that source, special nuclear and by-product

materials, as defined in the Atomic Energy Act of 1954 (AEA), are regulated at U.S. Department of

Energy (DOE) facilities exclusively by DOE acting pursuant to its AEA authority. These materials are

not subject to regulation by the state of Washington. All information contained hereini and related to, or

describing AEA-regulated materials and processes in any manner, may not be used to create conditions

or other restrictions set forth in any permit, license, order, or any other enforceable instrument. DOE
asserts that pursuant to the AFA, it has sole and exclusive responsibility and authority to regulate source,

special nuclear and by-product materials at DOE-owned nuclear facilities. Information contained herein

on radionuclides is provided for process description purposes only.

The 216-U- 12 crib has been monitored under a RCRA interim status groundwater assessment
monitoring program since the first quarter of 1993 (Williams and Chou 1993). Specific conductance in

downgradient wells exceeded the critical niean value and triggered the assessment. The high specific

conductance is attributed to elevated nitrate, which exceeds the drinking water standard in groundwater.
Results of a Phase I and Phase II RCRA assessment indicated that the TSD unit was the source of the
elevated nitrate and the non-RCRA constituent technetium-99 (Williams and Chou 1997) and interim
status assessment monitoring must continue because, under existing conditions, downward migration and
lateral spreading of these waste components from the vadose zone (and continued elevated specific
conductance in downgradient wells) is still occurring.

Monitoring under interim status assessment is expected to continue until the 216-U-12 crib is
incorporated as a chapter into the Hanford Facility RCRA Permit or administratively closed as proposed
to the U.S. Environmental Protection Agency (EPA) and Washington State Department of Ecology
(Ecology) by DOE.1 The objective of the ongoing RCRA interim status assessment (Part I) focuses on
(1) continued groundwater monitoring to determine whether the flux of dangerous waste constituents
(e.g., chromium) out of the vadose zone into the groundwater is increasing, staying the same, or
decreasing, and (2) monitoring the known contaminant (i.e., nitrate).

The groundwater beneath the 216-U-12 crib is located within the CERCLA 200-UP-1 Groundwater
Operable Unit and the crib is included as part of the 200-UW-1 Source Operable Unit A portion of the
200-UW-I Source Operable Unit (the U Plant Area waste sites) is being closed under an accelerated
schedule in accordance with a planned focused feasibility study (FFS) (DOE 2003a) and proposed plan
(PP) (DOE 2003b). This process will integrate closure of the 216-U-12 crib as part of the FFS and PP,

' Letter from KA Klein (DOE, Richland Operations Office) to N Ceto (EPA) and MA Wilson (Ecology) dated
May 13, 2005: Administrative Closure of the 216-U-12 Crib.
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which is consistent with the 200 Areas Remedial Investigation/Feasibility Study Implementation
Plan-Environmental Restoration Program (DOE 1999). As part of this integration with CERCLA, the
site-specific waste constituent nitrate will be monitored to evaluate the contribution of nitrate from the
216-U-12 crib into the regional nitrate plume. Post-closure groundwater monitoring will be integrated
with the 200-UP- I Operable Unit groundwater monitoring plan. In accordance with the proposed plan
for the U Plant closure area waste sites (DOE 2003b), remediation of contaminated groundwater beneath
these U Plant waste sites will continue to be addressed under the 200-UP-1 Groundwater Operable Unit.

iv



Contents

Executive Summary ......... .................... * ... ............. ......

Introduction............. ... - ................ .............. ..........

Description of 216-U-12 Crib..... 1 .- -- - -- .---- .-.---.-.------ --.-------.---.-

History of RCRA Monitoring at 216-U-12 Crib. - - --. -- ... -- 4

Integration of RCRA and CERCLA Closure Activities ........... ....- ..---- 10

Figures

1 Location of 216-U-12 Crib on the Hanford Site, Washington ........ ................... 2

2 Effluent Volume Discharged to the 216-U-12 Crib.... .............. .............. 3

3 Initial RCRA Groundwater Monitoring Network for the 216-U-12 Crib .................... 4

4 Specific Conductance versus Time for Wells at the 216-U-12 Crib ..... .................. 6

5 Nitrate Concentrations versus Time Plot for the 216-U-12 Crib.. ...... ........--. 6

6 Technetium-99 Concentrations versus Time Plot for the 216-U-12 Crib . - 7

Table

1 Summary of Groundwater Monitoring Results at the 216-U-12 Crib ... --. 8

Part I
Interim-Status Groundwater Quality Assessment Plan

for the 216-U-12 Crib

1.1 Objectives of RCRA Interim Status Assessment Monitoring .......... ..............

1.2 Sam pling and Analysis Plan .... .......... .......... 2.. ------- P.----- ------..----..-- ------.-.-.--- 2

1.2.1 Groundwater Monitoring Well Network........................ ............. 1.2

1.2.2 Constituent List and Sampling Frequency........ .......................... ............... P--..------.. 1.2

1.2.3 Sampling and Analysis Protocol.............. ........................... 1.4

1.3 Quality Assurance.............. .. ........... ........... P--.. ..---.--------- --- .............. -......- 7

1.3.1 Quality Control Criteria.................................. ... --.-- - -------------- ------ 1.7

1.3.2 Groundwater Data Validation Process ................................. ........ ... 1.9

1.4 Data Management, Evaluation, and Reporting........................... ..... ....- 1.10

1.4.1 Loading and Verifying Data......................................... 1.10

1.4.2 Data Review ............ ... ................ .. - ----- - -- -----.......................... ...... -.... 1. L11

1.4.3 Interpretation ............. -.......--.---------............ .............. ............................. .1

1.4.4 R eporting 1................................. ....... .2 .----.------- ..-..-.--.-.-.----------------- . 1. 2

v



Figure

1.1 RCRA Interim-Status Assessment Monitoring Network for the 216-U-12 Crib ......... ......... 1.3

Tables

1.1 216-U-12 Crib Interim Status Groundwater Monitoring Network 1.4
1.2 Well Constituents and Frequency of Sampling at the 216-U-12 Crib .................... 1.4
1.3 Quality Control Samples....................................................1.8
1.4 Recovery Limits for Double Blind Standards...... .. .. .. .... 1.9

PART 11
Hydrogeology and Conceptual Model

2. Stratigraphy.. ..... 2.22.1 Statigra hy ......................... .............................................................................*..........2.
2.1.1 Ringold Formation.................................................. -- -. -2.6
2.1.2 Cold Creek Unit.... .............................................. 2.6
2.1.3 Hanford Formation .......................... ............ 2.7

2.2 Hydrogeology Beneath the 216-U-12 Crib........ . 2.7
2.3 Conceptual Model.......... ....................................... ... 2.10

Figures

2.1 Topographic Illustration of Pleistocene Flood Channels and the Present Day Columbia
River Channel Pathways, with Outlines of the 200 West and East Areas, Hanford Site,
W ashington ......... .............. .................... . .............................................. 2.2

2.2 Comparison of Hydrogeologic and Geologic Classifications ...... ...................... . 2.3
2.3 Hydrogeologic South-North Cross Section in the 200 West Area Near 216-U- 12 Crib ........ 2.4
2.4 Hydrogeologic East-West Cross Section in the 200 West Area Near 216-U-12 Crib ..... ..... 2.4
2.5 Detailed Hydrogeologic Cross Section at the 216-U-12 Crib ................. ......... 2.5
2.6 Hydrographs of Wells Monitoring the 216-U-12 Crib 29...................................2.9
2.7 Conceptual Model Developed for the 216-U-12 Crib .. 2.11

Table

2.1 Hydraulic Conductivities for Major Hydrogeologic Units ..... 2.8

References
Appendix A - Network Well Information
Appendix B - Data Logs for Well 299-W22-75
Appendix C - Groundwater Trend Plots of Selected Constituents at the 216-U-12 Crib

vi



Introduction

I his p ai prov ides a revised and updated Resource C ouservution and Recoveny Act (RCRA ) interin

status eroundw ater assessment monitoring program for the 216- -1 2 crib and provides the updated site

hvdroueology and the facility conceptual model.

The L .. Department of Energy (DOE) has proposed to Washington State Department of Ecolog\

that the 2 16-1 J- 12 crib be adminstratively closed per remarks in Klein (2005).' The facility will remain

in interim status assessment monitoring as detailed in this plan until administrative closure is approved or
otherwkise dispositioned.

Please note that source, special nuclear and by-product materials. as defined in the Atomic Enerizv

Act o/195- (ALA), are regulated at DOE facilities exc-sively by DOE acting pursuant to its ALA
authorit\. I hese materials are not subject to regulation by the State of Washington. All information

contained herein and related to. or describing A EA-regulated materials and processes in any manner, may

not be used to create conditions or other restrictions set forth in any permit. license. order. or any other

enforceable instrument. DOE asserts that pursuant to the A EA, it has sole and exclusive responsibility

and authoit y to regulate source. special nuclear and by-product materials at DOE-owned nuclear

tacilities. Information contained herein on radionuc I ides is provided lor process description purposes
onlyk

Description of 216-UJ-12 Crib

I lie 2 6-1 K12 crib was built in 1960 to replace the 216-1-x crib when it showed signs of potential
cax c-in. The 2 16-11-12 crib was operational until Februar\ , I 988. when the pipeline was CtIt and
capped. Tie retired 2164 -12 crib was replaced by the 216-U 17 crib, which operated from 1988 to
I99-1. Inflormation about the 2 16-1 -12 crib and its under yin, ' 'co box and hydrogeology. including a
conceptual model of effluent inigration through the vadose zone has been prox ided in the original
groundwxater monitoring plan by Jensen el aI. (1990) and is re\ ised and Updated in Part 11 ofthis plan.

I lie ci ibs located downgiadient of several other liquid xwaste disposal cribs in the 200 West Area
of the I anford Site (1Figure 1 ). lThese cribs received large olImes Of liiid e ffluent containing
radioactive and hazardou s waste at varioUs times during the operational history of the U and S Plants.
Details of all the facilities are pro\ ided in the Waste Information Data Sy stem (WIDS) database.
managed b f luor I lanford. Inc.

I.eri erom K A K Iein (DOl. Richland Operations (ifice) to N Ceto (E PA} and MA Wilson I coloin ) dated
Max 13, 200i. 4Administrati'e Closure n/ the 216-1 '2 Crib.
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The '6 - I2 crib was a Ii cliid waste-disposal II ni tI composed of an tin lined, griivexI hot ioied,

perccolaton crib, 3 x 30 m ( 10 x 100 ft). 4.6 Li ( 15 f ) deep. The gravel bottom crib has a plastic harrier
coxer and is backfilled with the original excavated sediment. Effluent was transferred to the crib via a

a rifILed eli> pI pe. and spread along a xitreou s distributor pipe w hi ch is buried in the grave I. The crib

\i as Secd to fispoe (netiratize) cor s ive waste primariby composed of process condensate from the
1-4-[I BiIdin (1UO Plant).

The Cil- recei\eti liquid waste, as described in WIDS, frtxomtl 190 through 1972 when the crib was

deacti at cd The crih was reacti %ated in No\ cmber 198 1 and rece ix ed pi mari y the U( ) Plant process

condensate anti I it was permanently retired in February 1988. A yearly a\ erace of o,,ve 1.02 x 10 L/Ar

(2.7 x 10' al/yr) of elflu oen t was disposed to the cii b from 1960 thr u g h 1972 (Maxfield 1979). Total

volume disposed to the 216-U-12 crib exceeded 1.33 x 10' L (3.5 x 10 gil) from 1960 through 1972.
Lffluent xoltimes discharged to the 21 6-U-I12 crib during its operational life are shown in Fitre 2.

CIoleeti'eNy the elItient received over its entic life was nitric acid waste dcie to the UO; Plait process
coiideiisate and low-level radioactixe waste known to have included plutonium, rtithenitim, cesiun-l137.

5)r)ntinm- adili uranium. More detailed intormation about the waste characteristics is available in the

assessmnct results report by Williams and Chou ( 1993).

216-U-12

45474951 53555759 616365
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Figure 2 Effltient Volume Discharged to the )16-U-l 2 Crib
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History of RCRA Monitoring at 216-U-12 Crib

The initial RCRA ground water monitoring plan (Jensen ei al. 1990) presented the groundwater imloni-
toriing program to determine the crib's impact on the quality of gloiwiwater in the Uppermost aqiifer

beneath the site. A grotiundwater monitorin well network was established in 1990 and monitoring began
in 199 1. T]'his initial network consisted of one ipgradient and three down gradient point-of-compliance
"els (Figure 3). The wells w ere screened in the tipper 6 I (20 fit) of the uppermost aquli fer.
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Figure 3. Initial RCRA Groundwater Monitoring Network for the 216-U-12 Crib
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In adarce w it h RCR A interim stattons Fe g iil s 40 CFR 265.92 as referenced by
WAC 1 7 1303-400,3 initial backr'ound levels for the contaminant indicator parameters tie., ),

specitic conductance, total organic carbon, and total organic halogens) were established using

roinidu at er samples collected bet ween September 1991 and Juine 1992. The backround (upgradient)
well was 299-V22-43. Specific condticlance data collected during September 1992 from downgradient
wclls 299-W22-4 I and 299-W12-42 showed a statisticalIy signitficant increase over background values

-0 C FR 265.93t c 2)1. Data obtained in sU1bseqi ent quarters cornoborated these findings.

B ase en i these resuIts. a RCRA interini-status groundwater quality assessment ionitorin'g 'progrlami
w as iMpleienied tor the crib in January 1993. Since then, the groundwater monitoring well netwoik at

Ihe cri has been saIipled q iarterI y in accordance with the groundwater q ualfiy assessnIcIt plan

SWilliams and Chou 1993) [40 (R 265.94(dui4)f. The assessment plan was dexeloped to determine

liweler the 216-U1-2 crib is the source of the observed contamination (i.e.. Phase I) and if so. to

de terin the ctoncentration. rate. and extent of igkration of the contaminant pnumes (Phase lb).

The groundwater mionitorinlg network was expanded in 1993 by adding Iwo existing, older wells
(ion-RCRA-conpliant) to the network. Two wells werc added to the netwNork: upgradient well

'99-WX - 3 1er source identification purposes and dowrigradient well 299-W22-22 for source
delineation. This expansion was necessary to assist in deternining whether the 216-U-1' crib was lice
sourice or 11 one of several upgradient disposal facilities could be the sOur c&) Of the detected containan iilits.

In 1995 well 699-36-70A wzas added dow igradient lear the Fiironmental Reiedialion Disposal

Facilit\ FRDF) to support the Phase I assessment to determine the rate and extent of the contamn1at 111

(LieC I I Well 699-36-70A was drilled through the entire Upperiimost unconfined aquilcr and through
the Rinicold Unit (lower id unit) confinine inter al to characterize aquifev chemistry and hydrogeolopic
conditions down radient of the 216-U-12 crib. This data (Williams 1995) has been used to delineate the
\erical disiributioi of' certaii contaminants (nltrate. carbon tetiachlorde, and technetium-99) in the upper
apuifeIr. Rsufts Irom this well indicate that nitrate, the contaminant soturce from the 210-1 I2 cri . is

dispersed th roUrghie Lut the Uppaer acluifer and concentrations decrease w ith depth. A 10.7-m- ( 35-ft-) 10112

screen was installed to monitor the top of the aquitfer consistent wxith recent]y constructed monitoviring
wells in the area. In 1995. wells 299-W22-22 and 299-W22-23 were dropped from the network because
of e xccssi e turbidity problems and they were going dry.

In 1997, resuIs of RCRA GvOeundwater Quality Assessment Program at the 216-U-12 crib (Williams
and Chou 1997) indicated that the 216-U-12 crib is the source of eI\eated specific conductance

(Figut 4i. including elexated nitrate, and technetium-99. Elevated levels of iodine-129 and tritium are
iom upg'adicin soUrces caUsed by past disposal of process condensate waste froi the nuclear fuel

dissoluoi on and extraction acti% ities at the REDOX Plant located near the south end of tile 200 West
Avea. II addition, elevated leIeLs of carbon tetrachloride are mot likely fron variOLs PIttonium
Finishing Plant wxaste disposal sites located northiwest of the 216-U-12 crib.

Een though the 216-U-12 crib has been isolated since 1988, elevated nitrate and technetium-99 are
still pieent in the groundwater, but concentrations are declining over time (Figtres 5 and 6). indicating
1hle is still vadose drainage that is contaminating tile aLquifer.
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Figure 4. Specific Conductance versus Time for Wells at the 216-U-12 Crib
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Figure 6. Technletitum-99 Concentrations xersus Time Plot for the 2 I6-U-I 2 Crib

In 199N. well 299-W22-79 w aN installed a, a replacement wkell 1ecween downr~ladienw wells

294O-W22-41l and 299-W22-42 hecause they were going dry tFigure 5). By 2001, all fOUr Of the original
detectrin moniloring wells (299-W22-40, 299-W22-41l, 299-W22-42, and 299-W22-43) had gone (Iry duec
it) dechinm- water levels across (lie 200 West Area. The current "ell netw ork lor RCRA grOu~ndwaler
assessmeml monitoring consists Of JUSt MwO weCll, 299-W22-79 and 699-30-70A, both downgradieni of

the 2 10-t-2 crib. The Washington State Department ol Ecolog\ (Ecology) and U.S. Department of

Energy MDOE) annu1ally negotiate and prioritize installation of newk monitoring wel.These agreements

Mre documen-rted in TPA Milestone M-24-00 change formrs.

Tahle I stummarizes groundwater monitoring results lor the 2 10-U-12 crib hrnm 1992 Until presenlt

based on seleccted constituents of interest identified in Reidel et al. ( 1993) and in Williams and Chou

( 1 997) eXLCpI for acetone and miercury. Mercur\ w as not analyze /d in samples fromn the lour riginal

net ork wells (299-W22-40, 299-W22-4 I 299-W22-42, and 299-W2-2-43) after September 1993 and

wka, nor analyzed in samples from wkell 699-36-70A after Match 1996. MeCury11 wAsI eSSenltialIy not

delected in all wells. Acetone. a common lah contaminant, was not detected except for occasional hits in

well 099-,6-70A (5 detects OLH Ofl aOW Iotll analyses). Currently, nitrate cOnlCentratiOnlS In the [WO

reMainin network (downgradient) w~ells 299-W22-79 (61,100 pg/L December 2(X)2) and 699-36-70A
(83,70) pgC/L, January 2003) exced the maxLimMUm contaminant level of 45,000 n/L. Trenrd plots for
thekse 'Clekcted COnlstituenlts are available in Appendix C.

E mail om RD Morrson t Fluor Hlanford. hne.. Rjchkind, Wa shinlltoto to DINtibuiA1n[, dated Oclober 12. 2004:
11n-pam Arme Change Fmrm M-24-04-01,Appnoied.

7



Table 1. Summary of Groindwaer Moni to rin, Results at the 2 16-U- 12 Crib

I Number of Samples Dejected Analyses
Well" Time Period [ n T( I EC, Ma Min, Aw.

Nitrate (pg/li)

299- W22-43 tdrw } 2/92 9/93 33 33 0 0 1 K 0(O 8.190 14,600
'99-W22-40 dry 1 2/92- 1/99 32 32 0 0 28.300 19.700 24.00

299-W22-41 (dry) 2/92 - /99 32 32 0 0 469,000 99,000 209.000
299-\W22-42 (dr i 2/92 - 3/99 34 33 ( 1 660.000 41.400 258,1400

299-W12-79 1/98- 12/02 20 20 0 0 79,700 27,900 57,000

699- 36-70A 9/94 - /03 53 47 0 6 172100 76,700 1 ;.100

Fluoride (pg/L)

299- W22-43 (dry) 2/92 - 1/00 33 33 0 0 1,000 393 620
299-W '2-40 (dry) 1/92 1/99 32 1' 0 0 90 460 614

299-W22-4 I (d rv) 2/92 - 3/99 32 32 0 0 I.100 460 686
299-W''-4' (dry) 2/92 3/99 34 32 0 2 1.200 414 686

299-W22-79 12/98 - 12/02 20 20 0 0 650 530 584

699-36-70A 9/94 - 1/03 42 35 6 1 100 280 525

Stllrate (pi/ll)
299-4V22-43 (dry) 2/91 - 1/00 33 33 0 31.00 18.400 25.300

299-W22-40 ( dr2 /92 - 1/99 32 31 0 1 33,000 27,600 3(.750

299-W22-4 I (dry) 2/92- 3/99 32 32 0 0 379000 22,800 30,000

299-W2 )-4' (dry) 2/92 -3/99 34 33 0 1 48,500 25,300 30,900

299-W22-79 12/98 - 12/02 20 20 0 0 28.80(1 16,400 20.000

699 -36-70A 9/94 - 1/03 42 41 I 0 37.600 23,000 33,500
Uranium (pg/L)

299-422-43 (dry) 2/92 -9/93 8 8 0 o 4.1 2.4 3.1
299-W22-40 (dry) 2/92- 3/94 II I1 0 0 4.1 1.3 3.3

299-W22-4 I (dry) 2/92 - 9/93 8 8 0 2. 5 1.8 2.

299-W22-42 (dry) 1/9 -- 6/98 15 I5 0 0 4.1 2.4 3.2
'99-W 22-79 --- --- --- --- --

699-36-70A 9/94 - 1/03 21 19 1 I 3.9 0.6 2.9

Filtered Chromium (pILY-)

299-W22-43 (dry) 2/92 - 1/00 28 11 16 1 25 3,4 7.5

'99-W22-40 (dry) 2/92 - 3/98 28 16 11 1 24 2.8 10.0

299-W22-41 Ory) 2/92-- 3/99 28 13 15 I 18 2.7 7.1

299-W22-42 (dry) 2/92- 3/99 28 14 13 2 31 4.2 10.9

299-W22-79 12/98 - 1/02 7 6 I 10.6 1.7 4.8

699 36-70A 9/94 - /031 39 23 16 0 10 1.5 5.4

Filtered Arsenic (pg/L)
299- W22-43 (drv) 2/92 - 9/93 8 3 o 5.5 3.6 4.4

299-W2-40 (dry) 2/92-3/95 11 6 5 0 5.8 4.3 5.2

299-W2-41 (drvl 2/92 - 3/95 9 3 6 0 5.1 2.9 3.9

299-W22-42 (dry) 2/92 - 9/93 8 2 6 0 3.2 2.3 2.8

299-W 22-79 --- --- --- --- --- --- ---

699-36-70A 1/95- 3/02 17 14 3 4) 5.2 1.2 31
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In 2002. the DOE initiated the Cleanup, Challenges, and Constraints Team (C3T) to develop,
streamline, and integrate the groundwater programs managed under three separate regulatory acts
(CERCLA, RCRA, and the Atomic EnergyAct of 1954) into one. As part of this effort, the data quality
objective (DQO) process (Byrnes and Williams 2003) was used to identify and integrate wells needed
across the 200 Area Plateau. In accordance with this DQO, additional wells arejustified at the 216-U-12
crib, i.e., at least two new wells could be required: one upgradient and one downgradient.

Integration of RCRA and CERCLA Closure Activities

The 216-U- 12 crib is proposed to be administratively closed and removed from the list of TSDs
contained in Appendix B of the TPA and will be closed as a RCRA past-practice site under the 200-UW-
I Operable Unit. Closure for the 216-U- 12 crib will be fulfilled by the CERCLA process for the 200-
UW-l and 200-UP-1 Operable Units. Any remedial actions relating to groundwater that may be required
for the 200-UP-1 Groundwater Operable Unit, which includes contaminants sourced from the 216-U-12
crib, will be conducted under the integrated TPA process (Byrnes and Robinson 2003). The groundwater
monitoring network for the 200-UP-1 Groundwater Operable Unit includes select wells from the 216-U-
12 crib RCRA network as defined in this plan and in Byrnes and Williams (2003).

Because the 216-U-12 crib is within the 200-LW-1 Operable Unit. renediation and closure of the
216-U-12 crib will be integrated with closure of the U Plant Area waste sites. The 200-UP-I Ground-
water-Operable Unit is responsible for addressing contaminants within the groundwater beneath the
200-UW-I Operable Unit. This plan is intended to serve as a transition to a monitoring approach that
will be defined under the 200-UW-1 Operable Unit.

10



PART I

Interim-Status Groundwater Quality Assessment Plan
for the 216-U-12 Crib

This part describes a revised and updated Resource C o*iservaion and1 Recoverr Act (RCRA) interim-
status urouIdwater qualitN assessment monitoring program for the 21 6-U- 12 crib. This revised interim-
status progra m will fulfill RCR A groundwaier monitoring requirements at the 2 16-1.1- 12 crib until
adiini strati e closure of the faci Iity is approved (described in the Introduction) or the faci Iity is

otherx ise cispositioned. This part contains the sampling and analysis plan, including the monitoring
constituens: sample frequencies: network desigin: sampling and analysis protocols: qualitv assurance:
and data management, evaluation. and reporting. This plan replaces Williams and Chou (2003:
PNNL-1410l

1.1 Objectives of RCRA Interim Status Assessment Monitoring

Results of the groundwater quality assessment monitoring activities conducted for the 2 16-1 - 12 crib
(Williams and Chou 1997) indicate that the 216-1 -12 crib is the source of the elevated nitrate and
technetiun-99 contamination observed in uroundvsater dosnsgradienit of the crib: the site inust remain in
interim-status erounvdwater assessment monitoring. However, in the interim remedial measures for the
200-UP-1 Groundwater Operable Unit, the Washington State Department of Ecology (Ecology) and the

US. En% ironimental Protection Agency (EPA) determined that nitrate (and tritinum ) in grov Undwxater will
not be remtediared until practical treatment options are available that vill allow cost-effective removal
(Swanson 1996, Furthermore. the Tri-Party Agreement (TPA) (Ecologzy ei al. 1989) has assinled

<nnprchensive Environmenrul Response. Comlpensation, and Liabil it- Act (CE RC LA) as t he program
that will address the corrective action provisions of RCRA. ThereFore, any fiture cleanup of contam-
inants ill eroundwater at the crib will be part of the CERCLA 200-1P-1 Groundwater Operable I nit
investigation and subsequent remedial or correctike action decisions. Aiy soil reinediation required at
the 2 16-t - 2 crib within the 200-1W-I Source Operable L nit \% ill be performed tinder the CERCLA
t Plant locused feasibility study (FFS)/proposed plan (PP) xwaste site renediation documentation.

Based on the information presented in the paragraph above, the current objectives of interim status
assessment imon itorinu for the 2 1 6-U-1 2 crib. rather than delineating the existingt known plUtimes. inclUde
the follow in :

I. Continue orotindwateri monitoring to assess the migration of potential dangerous waste constituents
oul Of the vadose zone into the groundxxater.

2. Monitor the known contaminants tintil a near-term interim corrective action is defined.

Monitor under interirn-stat us assessment until adninistraiye closure is approved or the acility is
otherwise dispositioned.



Closure of the 216-U-12 crib will be coordinated with and conducted underCERCLA perthe U Plant

waste sites FFS (DOE 2003a) and PP (DOE 2003b). RCRA groundwater monitoring objectives will

remain the same from now until administrative closure of the facility is approved.

1.2 Sampling and Analysis Plan

This section describes the monitoring program for RCRA interim status groundwater assessment

for the 216-U-12 crib, which is designed to assess facility impacts to groundwater as described in the

Introduction.

1.2.1 Groundwater Monitoring Well Network

The requirements, objectives, and network design for RCRA groundwater monitoring at the 216-U-12

crib and for the 200-UP-I Groundwater Operable Unit regional network have been defined in Byrnes and

Williams (2003). Based on the objectives defined in the data quality objective (DQO), the existing

interim status 216-U- 12 crib network will be modified to increase the number of monitoring wells from

the existing two wells to four wells. The 216-U-12 crib network currently consists of two RCRA compliant

(WAC 173-160) wells, 299-W22-79 and 699-36-70A (Figure 1.1 ). These two wells monitor the top of

the unconfined aquifer, which is believed to be where most contaminants travel in groundwater. The

initial four network wells have gone dry (Williams and Chou 1993). Well deepening, as proposed in the

DQO, will not be necessary because one new CERCLA well is being installed near the existing dry

downgradient well that was to be deepened. In addition, one existing upgradient well will be added to

the network to provide upgradient coverage at the 216-U-12 crib. Installation of new wells is being

prioritized annually via TPA Milestone M-24-57. Figure 1.1 provides the location of the four wells

proposed for this network (Table 1.1). Appendix A provides well as-built information about the

proposed network wells for continuing interim status assessment groundwater monitoring at the 216-

U-I 2 crib. This 21 6-U- 12 crib groundwater monitoring network supports groundwater monitoring

objectives for the regional 200-UP-1 groundwater monitoring network (Byrnes and Williams 2003).

1.2.2 Constituent List and Sampling Frequency

Samples will continue to be analyzed quarterly as required by RCRA regulations. Water levels

will also be collected at the same time the wells are sampled. Additional constituents will be analyzed

annually. as necessary, to assist in data evaluation. Based on waste stream characteristics, selected

constituents for this site are: alkalinity, anions (specific for nitrate), metals (specific for arsenic and

chromium), pH, specific conductance. technetium-99, temperature, total dissolved solids, and turbidity.

Technetium-99 is a non-RCRA constituent that is being tracked to assist in determining groundwater flow

rate and direction beneath the crib. Table 1.2 provides the list of wells, constituents. and frequency of

sampling and water-level monitoring for the network.
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Table 1.1. 216-U-12 Crib Interim Status Groundwater Monitoring Network

Other
Well Well Standard Unit Monitored Comment Users

299-W22-26 Screening well Top Ot unconlined Upgradient well location CERCLA

299-W22-79 WAC 173-160 Top 01 unconfined II current nelwork CERCLA

699-36-70A WAC 173-160 Top of unconfined In current network CERCLA

299-W2I-2 WAC 173-160 Top of unconfined Installed in CY04 for 2100 UP- I CERCLA
monitoring

Italics= Wells to be added to network based on Tri-Party Agreement Milestone M-24-57.

Table 1.2. Well Constituents and Frequency of Sampling at the 2 16-U-1 2 Crib

Const tuen ts
Required Under

This Plan Constituents Supporting Interpretation

E, i-

Well Numbe-

299-W'-. A A Q A Q Q Q A A A A Q A Q Q Q Q Q
299-W22-79 A A Q A Q Q A A A A Q A Q Q Q Q Q
699-36-70A A A Q A Q Q Q A A A A Q A Q Q Q Q Q
299-W21-2 A A Q A Q Q Q A A ,A A Q A Q Q Q Q Q

(a) Not regulated under RCRA: co-contaminant analyed to help detertine groundwater ilow rate and direction
and to support CERCLA and AEA monitoring.

(h) Measured before purging well for sampling.
A = annually: Q = qlarterly.

1.2.3 Sampling and Analysis Protocol

RCRA groundwater monitoring for the 216-U-12 crib is part of the groundwater project and follows
the proJect's quality assurance plan. Groundwater monitoring for the 216-U-12 crib will follow the
requirements of the most recent revision of the quality assurance project plan: this monitoring plan need

not be revised to cite future revisions of the quality assurance plan.
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Project staff schedule sampling and initiate paperwork. The project uses subcontractors for sample
collection, shipping, and analysis. Quality requirements for the subcontracted work are specified in
statements of work or contracts.

The statement of work for sampling activities specifies that activities shall be in accordance with
a quality assurance project plan that meets the requirements defined in Requirementsfor Quality
Assurance Project Plans, EPA/240/B-01/003 (EPA QA/R-5), March 2001, as amended. Additional
requirements are specified in the statement of work.

Groundwater project staff conduct laboratory audits and field surveillances to assess the quality of
subcontracted work and initiate corrective action if needed.

1.2.3.1 Scheduling Groundwater Sampling

The groundwater project schedules well sampling. Many Hanford Site wells are sampled for
multiple objectives and requirements, e.g., RCRA, CERCLA, Atomic Energy Act of 1954 (AEA).
Scheduling activities help manage the overlap, eliminating redundant sampling and meeting the needs
of each sampling objective. Scheduling activities include the following:

Each fiscal year, project scientists provide well lists, constituent lists, and sampling frequency..
Each month, project scientists review the sampling schedule for the following month. Changes are
requested via change request forms and approved by the sampling and analysis task lead and the
monitoring project manager.

* Project staff track sampling and analysis through an electronic schedule database, stored on a server
at Pacific Northwest National Laboratory (PNNL). Quality control samples also are managed
through this database. A scheduling program generates unique sample numbers and a special user
interface generates sample authorization forms, field services reports, groundwater sample reports,
chain-of-custody forms, and sample container labels.

* Sampling and analysis staff.verify that well name, sample numbers, bottle sizes, preservatives, etc.
are indicated properly on the paperwork, which is transmitted to the sampling subcontractor. Staff
complete a checklist to document that the paperwork was generated correctly.

* At each month's end, project staff use the schedule database to determine if any wells were not
sampled as scheduled. If the wells or sampling pumps require maintenance, sampling is rescheduled
following repair. If a well can no longer be sampled, it is cancelled, and the reason is recorded in the
database. The U.S. Department of Energy (DOE) will notify Ecology if sampling is delayed past the
end of the scheduled quarter or if a well cannot be sampled (see Section 1.3 1).
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1.2.3.2 Chain of Custody

The sampling subcontractor uses chain-of-custody forms to document the integrity of groundwater.
samples from the time of collection through data reporting. The forms are generated during scheduling
(see Section 1.2.3.1) and managed by the sampling subcontractor. Samplers enter required information
on the forms, including the following:

" Sampling Authorization Form number

" Sampler's name(s)
" Method of shipment and destination

" Collection date and time
" Sample identification numbers
" Analysis methods
" Preservation methods.

When samples are transferred from one custodian to another (e.g., from sampler to shipper or shipper
to analytical laboratory), the receiving custodian inspects the form and samples and note any deficien-
cies. Each transfer of custody is documented by the printed names and signatures of the custodian
relinquishing the samples and the custodian receiving the samples, and the time and date of transfer

1.2.3.3 Sample Collection

Groundwater samples are generally collected after three casing volumes of water have been purged
from the well or after field parameters. (pH, temperature, specific conductance, and turbidity) have
stabilized, i.e., after two consecutive measurements are within 0.2 units pH, 0.20C for temperature, 10%
for specific conductance; and turbidity <5 nephelometrie turbidity units (NTU). Pre-printed sample
labels are applied to bottles in the field. For routine groundwater samples, preservatives are added to the
collection bottles, if necessary, before their use in the field. Samples for metal analyses are filtered in the
field with 0.45-micrometer, in-line, disposable filters. After sampling, pH, temperature, and specific
conductance are measured again. Sample bottles are sealed with evidence tape and placed in a cooler
with ice for shipping.

The samplers record the date, time, personnel, field measurements, and other pertinent information
on a groundwater sample report form and complete the chain-of-custody form as described in
Section 1.2.32.

1.2.3.4 Analytical Protocols

Instruments for field measurements (e.g., pH, specific conductance, temperature, and turbidity) are
calibrated in the field using standard solutions prior to use. Each instrument is assigned a unique number
that is tracked on field documentation and is calibrated and controlled. Additional calibration and use

instructions are specified in the instrument user's manuals.

1.6



Laboratory analytical methods are specified in contracts with the laboratories, and are standard
methods from Test Methods for Evaluating Solid Wastes: Physical/Chemical Methods (EPA!SW-846,
1986, as amended)or Methodsfor Chemical Analysis of Water and Wastes (EPA-600/4-79-020, 1983, as
amended).

1.3 Quality Assurance

The groundwater project's quality assurance plan meets EPA Requirementsfor Quality Assurance
Project Plans, EPA/240/B-01 /003 (EPA QA/R-5), March 2001, as amended. A quality control plan is
included in the groundwater project quality assurance plan, and quality control sampling requirements for
subcontracted work are discussed in the statement of work

The groundwater project's quality control program is designed to assess and enhance the reliability
and validity of groundwater data. This is accomplished through evaluating the results of quality control
samples, conducting audits, and validating groundwater data. This section describes the quality control
program for the entire groundwater project, which includes the 216-U-12 crib.

The quality control practices of the groundwater project are based on guidance from the U.S.
Environmental Protection Agency (EPA) as described in the Tri-Party Agreement Action Plan,
Section 6.5. Accuracy, precision, and detection are the primary parameters used to assess data quality.
Data for these parameters are obtained from two categories of quality control samples: those that provide
checks on field and laboratory activities (field quality control) and those that monitor laboratory

performance (laboratory quality. control). Table 1.3 summarizes the types of samples in each category
and the sample frequencies and characteristics evaluated.

1.3.1 Quality Control Criteria

Quality control data are evaluated based on established acceptance criteria for each quality control
sample type. For field and method blanks, the acceptance limit is generally two times the instrument
detection limit (metals), and method detection limit (other chemical parameters). However, for common
laboratory contaminants such as acetone, methylene chloride, 2-butanone, and phthalate esters, the limit
is five times the method detection limit. Groundwater samples that are associated (i.e., collected on the
same date and analyzed by the same method) with out-of-limit field blanks are flagged with a "Q" in the
database to indicate a potential contamination problem.

Field duplicates must agree within 20%, as measured by the relative percent difference (RPD), to be
acceptable. Only those field duplicates with at least one result greater than five times the appropriate
detection limit are evaluated. Unacceptable field duplicate results are also flagged with a "Q" in the
database.

The acceptance criteria for laboratory duplicates, matrix spikes, matrix spike duplicates, surrogates,
and laboratory control samples are generally derived from historical data at the laboratories in.
accordance with Test Methods for Evaluating Solid Wastes: Physical/Chemical Methods (EPA/SW-846,
1986, as amended). Typical acceptance limits are within 25% of the expected values, although the limits

1.7



Table 1.3. Quality. Control Samples

Sample Type Primary Characteristics Evaluated Frequency

Field Quality Control

Full Trip Blank Contamination from containers or 1 per 20 well trips
transportation

Field Transfer Blank Airborne contamination from the I each day volatile organic
sampling site compound samples are collected

Equipment Blank Contamination from non-dedicated 1 per 10 well trips or as needed"a)
sampling equipment

Duplicate Samples Reproducibility 1 per 20 well trips

Laboratory Quality Control

Method Blank Laboratory contamination 1 per batch

Lab Duplicates Laboratory reproducibility Method/contract specific(b)

Matrix Spike Matrix effects and laboratory accuracy Method/contract specific

Matrix Spike Duplicate Laboratory reproducibility and accuracy Method/contract specific(b

Surrogates Recovery/yield Method/contract specific (b)

LaboratoryControl Sample Accuracy I per batch

Double Blind Standards Accuracy and precision Varies by constituentc)

(a) When a new type of non-dedicated sampling equipment is used, an equipment blank should be collected
every time sampling occurs until it can be shown that less frequent collection of equipment blanks is
adequate to monitor the equipment's decontamination procedure.

(b) If called for by the analytical method, duplicates, matrix spikes, and matrix spike duplicates are typically
analyzed at a frequency of I per 20 samples. Surrogates are routinely included in every sample for most
gas chromatographic methods.

(c) Double blind standards containing known concentrations of selected analytes are typically submitted in
triplicate or quadruplicate on a quarterly, semi-annual, or annual basis.

may vary considerably with the method and analyte. Current values for laboratory duplicates, matrix

spikes, and laboratory control samples are 20% RPD, 60%-140%, and 70%-130%, respectively. These

values are subject to changeif the contract is modified or replaced.

Table 1.4 lists the acceptable recovery limits for the double blind standards. These samples are

prepared by spiking background well water with known concentrations of constituents of interest.

Spiking concentrations range from the detection limit to the upper limit of concentration determined in

groundwater on the Hanford Site. Double blind standard results that are outside the acceptance limits are

investigated and appropriate actions are taken if necessary.

Holding time is the elapsed time period between sample collection and analysis. Exceeding recom-

mended holding times could result in changes in constituent concentrations due to volatilization, decom-

position, or other chemical alterations. Recommended holding times depend on the analytical method, as

specified in Test Methods for Evaluating Solid Wastes: Physical/Chemical Methods (EPA/SW-846,

1.8



Table 1.4 Recovery Limits for Double Blind Standards

Constituent Frequency Recovery Limits Precision Limits(RSD)

Specific conductance Quarterly 75%-125% 25%

Total organic carbon(a) Quarterly 75%A 25% Varies with spiking compound

Total organic haides) Quarterly 75/o-125% Varies with spiking compound

Cyanide Quarterly 75/6--125% 25%

Fluoride Quarterly 75/-125% 25%

Nitrate Quarterly 75%/-125% 25%

Chromium Annually 80%-o120% 20%

Carbon tetrachloride Quarterly 75-/125% 25%

Chloroforn Quarterly 75/o-125% 25%

Trichloroethene Quarterly 75%-125% 25%

(a) The spiking compound generally used for total organic carbon is potassium hydrogen phthalate. Other
spiking compounds may also be used.

(b) Two sets of spikes for total organic halides will be used. The first should be prepared with 2,4,5-
trichlorophenol. The second set will be spiked with a mixture of carbon tetrachloride, chloroform, and
trichloroethene.

RSD = Relative standard deviation.

1986, as amended) or Methodsfor Chemical Analysis of Water and Wastes (EPA-600/4-79-020, 1983, as

amended). Holding times are specifiedin laboratory contracts. Data associated with exceeded holding

times are flagged with an 'H' in the Hanford Environmental Information System (BEIS) database.

Additional quality control measures include laboratory audits and participation in nationally based

performance evaluation studies. The contract laboratories participate in national studies such as the

EPA-sanctioned Water Pollution and Water Supply Performance Evaluation studies. The groundwater

project penodically audits the analytical laboratories to identify and solve quality problems or to prevent

such problems. Audit results are used to improve perfonnance.. Summaries of audit results and perform-

ance evaluation. studies are presented in the annual groundwater monitoring report.

1.3.2 Groundwater Data Validation Process

The groundwater project's data validation process provides requirements and guidance for validation

of groundwater data that are routinely collected as part of the groundwater project. Validation is a
systematic process of reviewing data against a set of criteria to determine whether the data are acceptable
for their intended use. This process applies to groundwater data that have been verified (see See-

tion 14. 1) and loaded into HEIS. The outcome of the activities described below is an electronic data set

with suspect or erroneous data corrected or flagged. Groundwater monitoring project staff documents the
validation process quarterly by signing a checklist, which is stored in the project file.

1.9



Responsibilities for data validation are divided among project staff. Each RCRA unit or geographic
region is assigned to a project scientist, who is familiar with the hydrogeologic conditions of that site.
The data validation process includes the following elements.

" Generation of data reports: Twice each month, data management staff provide tables of newly
loaded data to project scientists for evaluation (biweekly reports). Also, after laboratory results from
a reporting quarter have been loaded into HEIS, staff produce tables of water-level data and
analytical data for wells sampled within that quarter (quarterly reports). The quarterly data reports
include any data flags added during the quality control evaluation or as a result of prior data review.

* Project scientist evaluation: As soon as practical after receiving biweekly reports, project scientists
review the data to identify changes in groundwater quality or potential data errors. Evaluation tech-
niques include comparing key constituents to historical trends or spatial patterns. Other data checks
may include comparison of general parameters to their specific counterparts (e.g., conductivity to
ions) and calculation of charge balances. Project scientists request data reviews if appropriate (see
Section 1.4.2). If necessary, the lab may be asked to check calculations or reanalyze the sample, or
the well may be resampled. After receiving quarterly reports, project scientists review sampling
summary tables to determine whether network wells were sampled and analyzed as scheduled. If not,
they work with other project staff to resolve the problem. Project scientists also review quarterly
reports of analytical and water-level data using the same techniques as for biweekly reports. Unlike
the biweekly reports, the quarterly reports usually include a full data set (i.e., all the data from the
wells sampled during the previous quarter have been received and loaded into HEIS).

" Staff report results of quality control evaluations informally to project staff, DOE, and Ecology each
quarter. Results for each fiscal year are described in the annual groundwater monitoring report.

1.4 Data Management, Evaluation, and Reporting

This section describes how groundwater data are stored, retrieved, and interpreted.

1.4.1 Loading and Verifying Data

The contract laboratories report analytical results electronically and in hard copy. The electronic
results are loaded into HEIS. Hard copy data reports and field records are considered to be the record
copies and are stored at PNNL. Project staff perform an array of computer checks on the electronic file
for formatting, allowed values, data flagging (qualifiers), and completeness. Verification of the hard
copy results includes checks for (1) completeness, (2) notes on condition of samples upon receipt by the
laboratory, (3) notes on problems that arose during the analysis of the samples, and (4) correct reporting
of results. If data are incomplete or deficient, staff work with the laboratory to get the problems
corrected. Notes on condition of samples or problems during analysis may be used to support data
reviews (see Section 1.4.2).
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Field data such as specific conductance, p-1, temperature, turbidity, and depth-to-water are recorded
on field records. Data management staff enter these into HEIS manually through data-entry screens,
verify each value against the hard copy, and initial each value on the hard copy.

1.4.2 Data Review

The groundwater project conducts special reviews of groundwater analytical data or field measure-
ments when results are in question. Groundwater project staff document the process on a review form,
and results are used to flag the data appropriately in HEIS. Various staff may initiate a review form:
e.g., project scientists, data management staff; and quality control staff. The data review process
includes the following steps:

" The initiator fills out required information on the review form, such as sample number, constituent,
and reason for the request (e.g., "result is two orders of magnitude greater than historical results and
disagrees with duplicate"). The initiator recommends an action, such as a data recheck, sample
reanalysis, well resampling, or simply flagging the data as suspect in HEIS.

" The data review coordinator determines that the review form does not duplicate a previously
submitted review form, then assigns a unique review form number and records it on the form. A
temporary flag is assigned to the data in HEIS indicating the data are undergoing review ("F" flag).

" If laboratory action is required, the data review coordinator records the laboratory's response on the
review form. Other documentation also may be relevant, such as chain-of-custody forms, field
records, calibration logs, or chemist's sheets.

" A project scientist assigned to examine a review form determines and records the appropriate
response and action on the review form including changes to be made to the data flags in HEIS.
Actions may include updating HEIS with corrected data or result of reanalysis, flagging existing data
(e.g., "R" for reject, "Y" for suspect "G" for good), and/or adding comments. Data management
staff updates the temporary "F" flag to the final flag in IEIS.

" The data review coordinator signs the review form to indicate its closure.

" If a review form is filed on data that are not "owned" by the groundwater project, the data review
coordinator forwards a copy of the partially filled review form to the appropriate contact for their
action. The review is then closed.

1.4.3 Interpretation

After data are validated and verified, the acceptable data are used to interpret groundwater conditions
at the site. Interpretive techniques include:

* Hydrographs - graph water levels vs. time to determine decreases, increases, seasonal, or manmade
fluctuations in groundwater levels.
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" Water-table maps - use water-table elevations from multiple wells to construct contour maps to
estimate flow directions. Groundwater flow is assumed to be perpendicular to lines of equal
potential.

" Trend plots - graph concentrations of constituents vs. time to determine increases, decreases, and
fluctuations. May be used in tandem with hydrographs and/or water-table maps to determine if
concentrations relate to changes in water level or in groundwater flow directions.

* Plume maps - map distributions of chemical constituents are in the aquifer to determine extent of
contamination. Changes in plume distribution over time aid in determining movement of plumes and
direction of flow.

" Contaminant ratios - can sometimes be used to distinguish between different sources of
contamination.

1.4.4 Reporting

Chemistry and water-level data are reviewed after each sampling event and are available in HEIS.
Results of interpretation of groundwater monitoring are reported annually in March. Results of RCRA
monitoring also are supmarized in informal, quarterly reports sent to Ecology via e-mail.
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PART II

Hydrogeology and Conceptual Model

Thin part provides art update of the local h\drogeology and the subsequent source conceptual model

devdoptd lor the 216-- 12 crib.

Thi sect on sn mima rizes available and new% interpretations of the hx drogeology of the 216-U -2 crih.

Dala on physical characterisiics of the 216--12 crib and the surrounding area (e.g., boreholes) arn used

to refine understanding of t) hydrogmlog\ beneath the site and the potential contaminant transpot
path wayN homi the sUbsttrface, toward groundwaler, and toward potential receptors. These data are osed
to de' Cl p the conceptlal model beneath the site (Section 2.3L The conceptual model prov ided in this

part focuses on the potential for movement of contamination deep in the vadose zone and potential

impacts io the underlying unconfined aqcuilr. A miore de tailed c once pt a mo de t develops the site-

speciic sed ime n and contaminant relationships existing in the shallow subsurface directy heneath the
216- -12 crib " ill be provided by others. Lar y studics relied on limited borehole and well data to

describe the snratigraph and liydrogeology of the area. In recent years. more "elIs have been driIled in

he suniqunding area specifically targeted to collect more characterization data. As a result, the qjuantity

and qualty of the geologic data have been enhanced. whIch improtes the hy drogeologic model

development and its interpretation.

The 2 16-L -12 crib is located in the soniheast 200 West Ara on tle Central Plhatean, a broad, flat area
that consititltes a local topographic high around the 200 Areas. The plateau is one of the flood bars

1(C C reek Bar) formed during the cataclysruc flooding events oftihe Missoula floods that occurred
oler 1000 loears ago. The north boundary of the flood bar is defined by an erosional channel, and
prsenc day topotgraphic low, that runis northwest-southeast near Gable Butte just north of the 200 West

Area botundarn Williams et al. 2002. Most of the 200 West Area. including the 216-LI- 12 crib, ix
situated on the flood bar (Figure 2.11

The geology of the Centra Plarcau, and particularly the Pasco Basin, has been sttidied in great detail
() )E I988 The focus of this section is on the sediment above tlie basalt bedrock, or the suiiprahasalt
sediment, contained within the Hanford, Cold Creek (formerly Plio-Pleistocene), and Rinold Forma-

tions. because these strata CoIprise the upperio sI aquifer system and vadose zone in the area. I)etailed
dewcriptiins of these geologic units are available in Bjornstad ( 1984, 1985). DOE (2002h), Tallman et al.
1 979. Myens and Price (1981 ) Graham et al. (1981)L and Lindsey (1995. The most detailed des rip-

tion ot the tratigraphy beneath the 216-12 cih could be found in .enen eit aLt (INK

Willians ci a. (2002) prvides an updated yeinterpretat on of the hydrogeology in the 200 West Area

and icinit t that includes characterization of the entire suprabasalt aquifer system. The most recent
description o the uronititIwater contamination in the region of the Haiiford Site surrounditg the 2 6-U- 12
crib is presented inl Section 2.8 of Hartman et al. (2003)
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2.1 Stratigraphy

Two separate Hanford Site stratigraphic classifications are available (Figure 2.2); one developed by
Lindsey (1995) is based on lithology (labeled Geology Column), and the second, developed by Pacific
Northwest National Laboratory (PNNL) (Wurstner et al. 1995;: Thorne et al. 1993), is the hydrogeologic
stratigraphy (labeled Hydrogeologic Column) that combines the geology with the hydrologic properies
of the sediment. This plan uses PNNL's hydrogeologic classification because it is more applicable to
groundwater movement in the suprabasalt sediment. This hydrogeologic nomenclature and its geologic
relationship are illustrated in Figure 2.2. The uppermost suprabasalt aquifer system is contained in the
Ringold Formation, and the Hanford formation and Cold Creek (Plio-Pleistocene unit) comprise the
vadose zone. The Ringold Lower Mud Unit (hydrogeologic unit 8) separates the supra basalt aquifer
system into a confined and unconfined aquifer (Williams et al. 2002). The uppermost surface of the
Elephant Mountain member basalt is considered the base of the suprabasalt aquifer system (bedrock)
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becatIse of its dense, Iowk perneahi lit interior, rel aive to the overlying sediments. This surface is
considered to be a grI1ndwater no-flow boundary. The basalt sitrface beneath tlie 2 1 6-j- 12 cri bI dips
so t h-sotIthwest forming the sonithern limb of the Gable Mouniain-Gable Butie anticline and the
northeast flank of the Cold Creek syncline (after Fecht et al. 1987). Filgures 2.3 (south-north) and 2.4
(east-west 1 11i11srate the stiratigraphic position and relationship or these hydrogeo logic units as they exist
beneath the south 200 West Area and the 216-U-1 2 crib. Figure 2.5 provides a miore detailed hydro-
geologic profile beineath the 2 16-LJ-12 crib.
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216-U-12 CRIB HYDROGEOLOGIC CROSS SECTION A-A
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The 216U -12 crib lies at an elevatioi of ~2 1 in (692 ft) above mean sea level. The suprabasalt
strIatIgIaphy at the 216-UL 2 crib includes the following (from lower to upper):

* Rminold 1formation.

* Cold Creek Unit ( formerly Plio-Pleistocene t.niit).

* Hanfoid Formation.

Geology beneath the 216-U1-12 crib is described in detail in the following sections from oldest to
youILee
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2.1.1 Ringold Formation (Units 4 through 9)

U nits 4 th rough 9 correspond to the Ringo I d Formation (H Igu fe 2.2) and consist of coninenita I fiuviaI
and lactistrine sediments deposited on the Elephant Mon itain nember basalt by ancestral Colinbia and
Clearwater-Salimon Rivers duirings late Miocene to Pliocene time (DOE 1988). From the oldest to
youngest, the hydrogeologic intervals are the Unit 9 fluvial gravel Unit 8 composed of the paloosol/
overbank facies bencath lacustrine fine-rained tacies lBjornstad 1984: DOE 1988: Last et al, 1989:
Bjornstad 1990), Unit 5 fluvial gravel, and Unit 4 fines.

Ringold Units 4 throust 9 consist of intercalated lavers of induirated to sem i-indurated and/or
pedogenically altered sediment, incliding clay. silt, fine-to-corse 1 grained sand, and grainte-to-cobble

gravel. Within the area of the 2 16-U- 12 crib. this sequence consists of four distinct stratigraphic
intervals designated Units 4, 5, 8, and 9. Units 5, 8, and 9 correspond generally to Lindsey's Ringold
Formation fluvial gravel Unit E. lower mud tInit and fluvial gravel Unit A, respectively (Figure 2.2).

Unit 9. The Ringold Unit 9 gravel is located 150 m1 (492 ft) beneath the 2 1 6-U-1 2 crib and is
approxinatel 22 i (72 ft) thick. This Unit dips to the south-sortthwest and lies ii nconmfo rmnabIy on top
of the Col umb i a River Basalt. Unit 9 is composed prialarily of semi-consolidated and cemented silty

sandy gravel with secondary lenses and interbeds that can consist of gravel, gravely sand, sand, muddy
sand, and/or silt/clay.

Unit 8 (Lower Mud Unit). Unit 8 is composed of a thick sequence of fluvial overbank, paleosol.
and lacustrine silts and clay with minor sand and gravel. Unit 8 forms the most significant and
extensive confining unit within the suprabasalt aquifer system at the Hantord Site (Williams et al . 2000).

More detailed descriptions of Unit 8 (the lower mud iutit) can be fbitnd in Lindsey ( 1995). This
unit is approximately 9 i (30 ft) thick and located approximiately 141 in (462 ft) beneath the

216-U-12 crib.

Unit 5. The Ringold Unit 5 gravel is a relatively thick unit, ranging up to 76 in (250 ft) thick,
composed pri marily of indurated tluvial gravel to silty sandy gravel and sand that grades rpward into

Unit 4 i nterbedded flu ial sand and silt). Unil 5 has not been sildivided further due to the lack of

distinctivo and correlable stratigraphy or lithologic units. The satUrated portion of Unit ' comprises the

nppernost unconfined aq iIifer and is over 65 an (2 13 ft thick beneath the 2 16-U-12 crib. Unit 5 overlies

the Unit 8 (Ringold lower mud unit).

Unit 4. The Ringold Unit 4 is only locally present in the 200 West Area, and consists of fliuvial
sand and silt that overlies the Ringold Unit 5 gravel. This Unit is present in the wells snurronnding the

2 16-U-12 crib. More inlolrmation on the areal exton and details of this tinit caln be fout nd in Lindsey

(1995).

2.1.2 Cold Creek Unit (formerly Plio-Pleistocene Unit) (Units 2 and 3)

Units 2 and 3 represent relatixely thin but significant depositional inits that are post-Ringold and

pre-Hanford sedi mentation. Unit 3 is a calcic palcosol horizon that has developed on the eroded Ringold
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Formation (either Unit 4 or 5). Unit 3 is commonly referred to as the calcic sequence (or "caliche"

zone) and is also referred to as the lower Cold Creek Unit (CCU)). Unit 2 is described as an overlying

fine-grained o erbank-eolian sequence considered to belong to the tipper portion of the Cold Creek

init (CCII) (DOIE 002). It is equivalent to what has been called the early RPalouse" soil

(Connelly et al. 1992) and/or Plio-Pleistocene Unit in previous reports. Unit 3 is easily differentiated

from the underlying (Unit 5) and overlying oxerbank-eolian sequence (Unit 2) because it is highly

weathered, heavily cemented with calcium carbonate, poorly sorted. and shows a distinct decrease in

natural gamma activity compared to the upper Unit 2. The Unit 2 is very fine grained. un-cemented.

consisting of alternating thin lenses (ty picalby less than 15.2 cm [6 in.I) of \ey Fine sand to silt and clay,

and has a relatively high natural gamma activity. iThe stratigraphic contact between the UInit 3 and the

Rincold , nit 4 or 5 is fairly distinct and sharp. whereas the contact between the Unit 2 and the overlying

Hanford I nit (H2) is gradational, dependent on grain size. In most cases. geophysical garnma logs

greatly improve the accuracy of these correlations. Figure 2 .5 illustrates these contacts beneath the

facility.

At the 2 16-U-12 crib, the Unit 3 is relatively thick. -4.6 m (I 5 ft). Unit 2 is -9.1 m (30 ft) thick.
r nit 2 is located approximately ~45.7 i (155 ft) in depth below the surface.

2.1.3 Hanford Formation (Unit 1)

Ie I lanford lormation is the informal name given to Pleistocene-age catacl vsmic flood deposits in the

Pasco Basin (Iindsey et al. 1994). It consists predominantly of unconsol idated sediments. which coxer a
ide range in grain size from pebble- to boulder-gravel. fine- to coarse-grained pebbly sand to sand, silty

sand. and silt. Gravel clasts are composed of mostly subangular to subrounded basalt. Beneath the
216A -i2 crib. the init I consists of essentiall\ two facies. the lower facies (Hanford 11, unit) is
composed of tine-grained sand to sandy silt that ranges from 32 to 30.5 i ( 105 to 100 ft) in thickness.
T'his fiie-grained facies is overlain with a fine to coarse sand to sandy gravel sequence that is approxi-
matel 16 i (53 ft) in thickness. Ihis coarse grained interval is designated the Hanford 11, unit. I he
subtle but sharp contact between the two facies is indicated by sliightly gravell sand to sandy gravel
above the thick fairly uniform fine sand ofthe 1, unit. This contact is easily distinguishable with the aid
of 2eophxsical gamma logs at a depth of about 15.8 to 16.8 n (52 to 55 ft) (Figure 2.5).

2.2 Hydrogeology Beneath the 216-IJ-12 Crib

lilIormatio n on the vadose zone and tihe suprabasalt aquIiifer sx stei at the 216-U-12 crib is obtained
fromi wkell-log data for wells and boreholes surroLInding the acility and froii published reports. In the
200 West Area and \icinniy of 216 -12 crib. Williams et al. (2002) used data from borehole and
crt-uUd u ate r mitorin g to stibdixide the suprabasalt sedinments into two aquifers, an ipper unconi ned

(-anord/ Ringold unconfined) aquiter and a lower confined (Ringold contined) aquifer. The
hydrozeologz beneath the 2 16-LU -12 crib utilizes their interpretation.

I lie uppernost aquifer beneath the 216-U-12 crib is uniconfined; the aquifer conpri ses the satUrated
portioii of the ipper Ringold U nit 4 and Ringold Unit 5 and is approximately 65.3 Im (214 ft) thick
(2003 inas Urenent). %lost known conta iminnt plumes that emanate front the 200 West Area migrate
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through Unit 5 toward the east. The groundwater flow direction is approximately toward the southeast
and is estimated based on water-level measurements taken in network and surrounding wells
(e.g., Figure 2.1-1 in Hartman et al. 2003).

Site-specific hydraulic conductivity values, derived from slug test data at well 299-W22-79 near the
216-1--12 crib, range from 4.2 to 5.4 in (1 3.8 to 17.7 ft) per day (Spane et al. 200 1 ). These values are
within the range of hydraulic conductivities presented in fable 2.1 that have been calculated for
hydrogeologic units beneath the 200 West Area. These data reflect averages of data collected from wells
throughout the Central Plateau. Based on these values and parameters listed in Hartman et al. (2003.
Table A.2). the groundwater flow rate (Darcy velocity) ranges from 0.02 to 0.08 m (0.1 to 0.3 lt) per day.

Table 2.1. Iydraulic Conductivities for Major Hydrogeologic Units

Estimated Range of Saturated
IHydrogeologic Unit HyIdraulic Conductivities (m d) Reference(s)

Unit 5 0.1 to 200 Wurstner et al. (1995): Thorne and
(Rin old Formation IU nit E) Newcomer (1992)

Unit 8 0.0003 to 0.09 Wurstner et al. (1995): Thorne and
(Ringold Formation Lower Mud Unit) Newcomer (1992)

Unit 9 undifferentiated 0. I to 200 Wurstner et al. (1995): Thorne and
Ringold Formation Unit A Newcomer (1992)

Note: This table is modified from Cole et al. (1997).

Within the 200 West Area. including the 216-19-12 crib, the 'water table is declining rapidly due to
site-wide cessation of past (non-permitted) liquid effluent disposal practices. Hydrographs for
monitoring wells near the 216-U-12 crib are presented in Figure 2.6. The falling water table is causing
wells that monitor the 216-U-I 2 crib and surrounding monitoring wells to go dry (Figure 2.6). The

preferred method used to intercept and monitor the uppermost aquifer flow zone(s) requires installation
of longer screens to maximize the life of the well due to rapidly declining water levels. Monitoring

screens are being installed up to 10 in (35 ft) long depending on location and aquifer thickness.

It is not known if preferential paths of groundwater flow exist in this thick uppermost aquifer, or if

flow paths are changing due to falling water levels. because existing Unit 5 hydrogeologic data has not

supported subdivision of the unit into more discrete flow zones. However. the depositional nature and

character of this unit, and the lithologic variability between boreholes, indicates that lithologic variations

do occur on all scales: the intrinsic hydrologic properties will influence groundwater movement.

I he vertical variability in contaminant distribution in the aqui Ir near the 2 16-L9-1 2 crib has been

evaluated. Data from nearby wells indicate that contaminants from other disposal operations have spread

verticall> and laterally throughout most of the unconfined aquifer beneath the 200 West Area

(Williams et al. 2002). For example. carbon tetrachloride, tritium, and nitrate have all been detected at

depths below the screened interval in well 699-36-70A. located over 900 in (2.950 ft) doxnaradient of

the 216-UJ-12 crib (Williams 1995).
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Figure 2.6. Hydrographs of Wells Moniioring the 2 16-U- 12 Crib

The top o Unit 8 (lower imid unit) comprises the base ol the uppermost-uncontined aquifer
I Williais ct a. 2002). South of the 216-Ui- 12 crib the vertical hydraulic condiictivity of [nit 8. as

Imea sured from a sphitspoon sol sample collected in well 299-W27-2. is 0.05 I m (0.17 ft) per day and
falls xithin the expected range reported by Thorne and Newcomer (1992) 4 Table . I . Unit 8 dower

Md uin) is an aquniard and separates and confines groundwater in the underlying kingold Unit 9 grakel

(confied Ringold aquiter) from the unconfined aquifer in Unit 5. Groundwater in the confined Ringold

aquifetr i interpreted to flow lateral- thirough Unit 9 grael due to the thickness and reiltitey low
entical hydraulic conductivity of the overlying confining Unit 8.

Regionaly groundwater in the confined Ringold aquifer flows firom west to east similar to ground-

x at er in the uppermost unconfined aquifer. In the 200 West Area and around tle 216-U-12 crib, it is

m11iore difficult to determine tlow dircction because there are eurrenly no wells completed within the
contined R in12ld aquifer. Limited data are axvailable below the confining Unit 8 (lower mud unit) or the

200 West Area: howee, groundwater heads measured in several deep/shallow well pairs, and deep
we dcril led into the Ringold Unit 9 confined aquifer (e.g., Johnson and Horton 2000) indicate a

downw ard citical hydraulic gradient beneath the 200 West Area from the unconfined Unit 5 into lie
confined Unit 9 (Williams ei al. 2002).

Becneath the 216-U-12 crib. uroundwater in the uppermOst Luinconfined aquifer is assumed to be
isolated from groundwater in the confined Ringold aquifer by Unit 8 (lower tIiud Unit), intercoIn-
inniication betweei Units 5 and 9 is assumed to be insign ificant beneath the 2 16-U-1 2 crib because

crO tudwxx ater flow I hrough Unit 8 is extre mel, low due to the thickness and rciatively loxw permeability
of the eonfiniug unit.

The iadose /one beneath the 216-U-12 crib is approximnately 76.4 n (25 1 ft) thick. The vadose .one

incUdes hydioceolocic Units I, 2, 3, and the upper, unsaturated portion of Units 4 and 5 (Fiure 2 2).
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FigUIre 2.5 provides in pit to I he conceptua I model for the area near the 2 1 6-U- 12 crib and IC I tides
depths, relative thicknesses, and hydraulic relationship of the hydrogeologic units beneath the facility.

Recharge to the unconfined aquifer beneath the 216-U- 12 crib is from artificial and possibly natural
sources. Any natural rechargue that occurs oniinates from precipitation. Estimates of recharge from

precipitation range from 0 to 10 cm (0 to 4 in) per year and are largely dependent on soil texture and the
type and density of e getation.' While the liquid waste disposal facilities were operating, many localized
areas of sat ation or near saturation were created in the soil column. Artificial recharge from years of
IiqUid efflUent disposal accounts for most of the liquid influx to the aqUi er and is the main driver and
transport niedium for potential contaminants disposed at the facility.

The dow nward flux of moisture in the vadose zone decreased with the cessation of artificial recharge
in the 2 16-U-1 2 crib. Areas with high residual water saturation in the sediment will result in continued

gravitv drainage for an unknown period of imre. When stable unsaturated conditions are reached. the
ioilre fLUx into the aqnifer becomes less significant. In the absence of artificial recharge. the potential
tor recharge froim precipitation becomes more important as a driving force for any potential contamr-
nation remaining in the vadose zone.

2.3 Conceptual Model

A groundwater conceptual IodeI is an evolving hypothesis that idenhifies the important features,
events and processes that control groundwater and contaminant movement (Hartman 2002). Conceptual
models are based on data results, field observatiois, and previous sntidies and form the basis for future
investigations and data collection objectives. The characteristics of the hydrogeologic and source
conceptual model developed for the 216-LI-12 crib are described in the following paragraphs.

A detailed conceptual model for the 2 16-U-12 crib is presented in Williais and Chou ( 1997). The
foll owing characteristics and working assumptions su immarize that conceptual model for the 216-U-12
Cri I):

* Most of the hazardous (corrosive) waste that went into the crib was strongly acidic, composed

primarily of nitric acid. This waste was also radioactiye. Total [liues disposed to the crib
exceeded 1.33 x 10 L (3.5 x 10' gal) from 1960 through 1978 (Maxfield 1979). The crib was

permanently retired in 1988.

" The contaminated effluent infiltrated beneath the crib into the vadose zone. but the corrosie waste

was neUtralized by natural occurring calcium carbonate cement in vadose sediment before it reached

groundwater. Most radioactive waste constituents remain sorbed, by design. to sediment in the thick

vadose interval (>68 n [225 ft]) (Srith and Kasper 1983).

" AlIth ough process information suggests several mobile constituents may have been released to the

crib (Figlure 2.7) groundwater monitoring indicates that nitrate and teCinetiu iu-99 (not RCRA

dangerous waste constituents) are the o1ly significant contaminants of concern that have been detected

(Williams and Chou 1997). Nitrate and technet in m-99 are mobile in the groundwater. The \adose /one
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The conceptua I model deve loped for the 2 16-U1- 12 crib is that. duting operation. seNi -satarated to
saturated flow conditions existed beneath the facility (Figure 2.7). The acidic liquid waste saturated into
the vadose sediment where neutralization occurred as the waste moved deeper through calciIIi carbonate
containng sediment. The huffering capacity of the thick sediments of the vadose zone was determined
adequate to neutralize all nitric acid waste, liberating the nirate anion w hich does not Interact with
sediment and th us continued to migrate with water through the vadose zone. Blecause teCeInetittumt-99 also
has essentially zero retardation, it also traveled with the nitrate in water migrating througah the vadose
zone to the aqui fer.

The consistent relationship between the constituents indicates that the hydrogeologic processes
acting on nitrate and tecinetiutm-99 and tlie migration pathway are essentially the same. RCRA assess-
ment groundwater monitoring results downgradient of the crib indicate that conftired migiation of
neutralized reaction constituents (nitrate and associated radionuclides) is still occurrintg. Continued
drainag e of mobile constituents from the vadose zone is expected based ona vad ose-tran sport modeling,
which has estimated that the travel time for natUral moist iire w ithin the vadose zone to migrate to tile

aqUiIcr can take many years (Fayer and Walters 1995).
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Appendix B

Data Logs for Well 299-W22-75



Stoller
e.6 Im J$

299-W22-75 (A7879)
Log Data Report

Borehole Information:

Borehole: 299-W22-75 (A7879) Site: 216-U-12 Crib
Coordinates (WA State Plane) WL : Not reached GWL Date: 5/22/03

North East rill Date TOC'Elevation TotalDepth(ft) Type
134,490.42 m 567,595.19 m AprI 1982 211.586 m 176.25 Cabletoot

Casing Information:

Outer Inside
Diameter Diameter Thickness Top Bottom

Casing Type Stickup t4 (In.) in.) (in.) (ft) (ft)
Threaded Steel 1.25 6 11/16 6 0.344 +1.25 169
Threaded Steel 0.5 85/8 Unknown Unknown +0.5 60

The logging engineer measured the casing stickup using a steel tape. A caliper was used to determine the
outside casing diameter. The caliper and inside casing diameter were measured using a steel tape, and
measurements were rounded to the nearest 1/16 in. Casing thickness was calculated.

Borehole Notes:

Borehole coordinates, elevation, and well construction information, as shown in the above tables, are from
measurements by Stoller and Duratek field personnel, Ledgerwood (1993), and HWIS. Zero reference is
the top of the 6-in. casing. Grout is not present at the surface in the annulus between the casings but is
observedon the ground surface surrounding the 8-in. casing.

La ging Equipment Information:

Lor ino System: Gamma 2E Typ: 70% HPGe (34TP40587A
Calibration Date: 03/2003 Calibration Reference: GJO-2003-430-TAC

Logging Procedure: MAC-HGLP 1.0.5, Rev. 0

lin S ter: Gamma 1C T : Hi h Rate Detector 39A314
Iajlbraion Date: 0412003 Calibration Reference: GJO-2003-429-TAC

I Lo in Procedure: MAC-HGLP 1.6.5, Rev. 0

Spectral Gamma Loggin System (SGLS) Log Run Information:

Log Run 1 ] 2 .3 4/Repeat
Date 5/22/03 5/22/03 5/27/03 5/27/03
Logging Engineer Spatz Spatz Spatz Spatz
Stait Depth (fit) 176.0 59.0 44.0 82.0
Finish Depth (ift) 58.0 43.0 2.0 64.0
Count Time (sec) 100 - 200 200 100 _

Live/Real R R R R
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Log Run 1 2 3 41 Repeat |
Shield (Y/N) N N NN
MSA Interval (ft) 1.0. 1.0 1.0 1.0 |
fl/min N/Az N/A N/A N/A _

Pre-Verification BEO3ICAB BE031CAB BEO32CAB BEO32CAB
Start File BE031000 BE031 119 BE032000 BE032043
Finish File BE031118 BE031135 .. BE032042 BE032061.
Post-Verification . E031CAA BE031CAA BE032CAA BE032CAA
Depth Return
Error (in.)0 0 0
Comments Fine gain No fine-gain No fine-gain No fine-gain

adjustments adjustment. adjustment. adjustment.
made after
files: -012,
-023, -077,
and -118. t

High Rate Lozeinn System (HRLSI Log Run Information:

Log Run I 2/Repeat
Date 6/03/03 6/03/03

ngineer Spatz Spatz
Start Depth (ft) 27.0 28.0
Finish Depth (ft) 20.0 24.0
Count Time 300 300
(see)
Live/Real R R
Shield (Y/N) N N
MSA Interval 1.0 1.0
(ft)
fi/min N/A N/A
Pre-Verification AC071CAB AC071CAB
Start File AC072000 AC072008
Finish File AC072007 AC072010
Post- AC072CAA AC072CAA
Verification _____________

Depth Return N/A 0Error (in.)
Comments No fine-gain No fine-gain

I adjustment. adjustment.

Lomeinu Operation Notes:

Zero reference was top of the 6-in. casing. Logging was performed with a centralizer installed on the sonde.
Pre- and post-survey verification measurements for the SGLS were acquired with the Amersham KUT
(4 K, 2 8U, and 2 Th) verifier with serial number 118. HRLS data were collected using Gamma IC. Pre-
and post-survey verification measurements for the HRLS were acquired with the '(Cs verifier with serial
nupiber 1013.
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Analysis Notes:

Analyst I Sobczyk I Date: 16/5103 1 Reference: I GJO-HGLP 1.6.3, Rev. I)

SOLS pre-run and post-run verification spectra were collected at the beginning and end of the day. All of
the verification spectra were within the control limits except for pre-run verification spectrum BE031 CAB.
BE03 i CAB was below the lower control limit for the 609-keV, 1461-keV, and 2615-keV full-width at
half-maximum values. The peak counts per second (cps) at the 609-keV, 1461-kV, and 2615-keV
photopeaks on the post-run verification spectra as compared to the pre-run verification spectra for each day
were between 0.3 and 2.4 percent lower at the end of the day. Examinations of spectra indicate that the
detector appears to have functioned normally during logging, and the spectra are accepted.

H RLS pre-run and post-run verification spectra were collected at the beginning and end of the day. The
spectra were within the acceptance criteria for the field verification of the Gamma IC logging system
(HRLS).

Log spectra were processed in batch mode using APTEC SUPERVISOR to identify individual energy
peaks and determine count rates. Post-run verification spectra were used to determine the energy and
resolution calibration for processing the data using APTEC SUPERVISOR. Concentrations were calculated
in EXCEL (source files: G2EMar03,xs and GICAprO3). Zero reference was the top of the 6-in, casing. On
the basis ofLedgerwood (1993), the casing configuration was assumed to be a string of 8-in. casing with a
thickness of 0.322 in. to 60 f1, a string of 6-in. casing with a thickness of 0.344 in. to 168 ft, and open-hole
below 168 ft The 8-in, casing thickness of 0.322 in. is the published value for ASTM schedule-40 steel
pipe (a commonly used casing material at Hanford). Where more than one casing exists at a depth, the
casing correction is additive (e.g., the correction for both the 8-in. and 6-in. casing would be 0.322 in. +
0.344 in. = 0.666 in.). A water correction was not needed or applied to the data.

Using the SGILS, dead time greater than 40 percent was encountered in the interval from 21 to 26 ft and
data from this region were considered unreliable. At SGLS dead time greater than 40 percent, peak
spreading and pulse pile-up effects may result in underestimation of activities. This effect is not entirely
corrected by the dead time correction, and the extent of error increases with increasing dead time. SGLS
dead time corrections were applied when dead time surpassed 10 percent. The HRLS was utilized to obtain
data where the SOLS dead time exceeded 40 percent

Loa Plot Notes:

Separate log plots are provided for gross gamma and dead time, naturally occurring radionuclides (K,
8U, and Th), and man-made radionuclides. Plots of the repeat logs versus the original logs are included.

In addition, a comparison log plot of man-made radionuclides is provided to compare the data collected by
Westinghouse Hanford Company's Radionuclide Logging System (RLS) with SGLS data. For each
radionucide, the energy value of the spectral peak used for quantification is indicated. Unless otherwise
noted, all radionuclides arc plotted in picocuries per gram (pCi/g). The open circles indicate the minimum
detectable level (MDL) for each radionuclide. Error bars on each plot represent error associated with
counting statistics only and do not include errors associated with the inverse efficiency function, dead time
correction, or casing correction. These errors are discussed in the calibration report. A combination plot is
also included to facilitate correlation. The 2 Bi peak at 1764 keV was used to determine the naturally
occurring "U concentrations on the combination plot rather than the 2

1Bi peak at 609 keV because it is
less affected by the presence of radon in the borehole.

Results and Interpretations:

"Cs, "U (based on the 186-keV photopeak), and "U (based on the 1001-keV photopeak) were the man-
made radionuclides detected in this borehole. "Cs was detected in the interval from 17 to 61 ft with
concentrations ranging from 0.3 to 8,400 pCi/g. The maximum concentration of mCs was measured at
25 ft. Cs was detected at a depth of 12 ft with a concentration nearthe MDL (0.2 pCi/g). "'U was
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detected in the intervals from 17 to 20 ft, 29 to 31 t 37 to 53 ft, and 61 to 81 ft with an MDL of at least
10 pCi/g. In the interval from 17 to 20 ft, U was detected with concentrations ranging from 55 to
330 pCi/g. In the interval from 29 to 31 ft, 23

1U was detected with concentrations ranging from 20 to
30 pCi/S. In the interval from 37 to 53 ft, U was detected with concentrations ranging from 17 to
75 pCi/g. "U was detected in the interval from 61 to 81 ft with concentrations ranging from 17 to
335 pCi/g. The maximum concentration of mU was measured at 76 ft, although the highest concentration
may be in the interval of high dead time where the MDL significantly increases. 2"U was detected in the
intervals from 18 to 19 ft, 68 to 81 ft and at 44 ft with an MDL of at least 1.5 pCi/g. U concentrations
ranged from 6 to 9 pCi/8 at 18 and 19 ft. In the interval from 68 through 81 ft "U concentrations ranged
from 1.8 to 22 pCi/g. U was detected at a depth of 44 ft with a concentration of 5 pCi/g. It is probable
that ' 5U exists in the same intervals as the 'U (based on the 1001-keV photopeak), but the "U
concentration falls below its respective MDL.

The behavior of the naturally occurring ..U log (measured by "Bi) suggests that radon may be present
inside the borehole casing. Determination of "U is based on measurement of gamma activity at 609 and/or
1764 keV associated with 214Bi, under the assumption of secular equilibrium in the decay chain. However,

2
'
4Bi is also a short-term daughter of mRn. When radon is present, "Bi will tend to "plate" onto the casing

wall and will quickly reach equilibrium with "Rn. Because the additional "2 Bi resulting from radon is on
the inside of the casing, the effect of the casing correction is to amplify the 609 photopeak relative to the
1764 photopeak. (The magnitude of the casing correction factor decreases with increasing energy, but
gamma rays originating inside the casing are not attenuated.) The reason for variations in radon content
between log runs on successive days is not known. Variations in radon content in boreholes are probably
related to variations in surface weather conditions. Radon daughters such as Z4ni may also "plate" onto the
sonde itself. When this occurs, there is a gradual idcrease in total counts as well as photopeak counts
associated with 214Bi and 2 4Pb. This phenomenon appears to best explain the observed discrepancy in U
values based on 609 keV versus those based on 1764 keV between 82 and 44 ft.

The presence of radon is not an indication of man-made contamination; it is derived from decay of
naturally occurring umaniunt. As-a gas, radon moves easily in the subsurface, and concentrations of radon
and its associated progeny can change quickly.

The plots of the repeat logs demonstrate reasonable repeatability of the HRLS and SGLS data. 1 7Cs
(662-keV) concentrations are comparable between the repeat and original HRLS log runs. Taking into
account the effects of radon, the plots of the repeat logs demonstrate reasonable repeatability of the SGLS
data for the man-made radionuclides and natural radionuclides at energy levels of 186, 662, 1001, 1461,
1764, and 2614 keV.

Recognizable changes in the KUT logs occurred in this borehole. A gradual increase of approximately
8 pCi/g in apparent 4K concentrations occurs between 30 and 62 ft. Above 20 ft, CK concentrations are
relativey low, which indicates the surface seal of grout around the borehole reported by Ledgerwood
(1993). mTh concentrations increase by 0.5 pCi/g at 19 ft. The increase in K and n2Th concentrations at
37 f may correspond with the silt layer identified at 37 ft in the geologist's log (Ledgerwood 1993).

Comparison log plots of data collected in 1991 by Westinghouse Hanford Company and in 2003 by Stoller
are included. The 1991 concentration data for '"Cs-are decayed to the date of the HRLS logging event in
June 2003 and shifted from a ground level reference to a TOC reference. The RLS tool saturated in the
interval from 21 to 27 ft. On the 2003 logs, the apparent ...Cs concentrations are as predicted by decay
alone when compared to the 1991 log except for the depths of 138, 148, 164; and 166 ft. The report written
at the time of the 1991 RLS logging event reported that no man-made radionuclides were detected below
80 ft Comparing the two logging events, the ......8U concentrations based on the RLS appear slightly
higher than the SOLS.

Because of the presence of 23W&U in the vadose zone, it is recommended that this borehole be logged
periodically to verify that changes in "3U concentrations are not occurring. The interval from ground
surface to total depth should be logged again in 5 years.
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Ledgerwood, R.K., 1993. Summaries of Well Construction Data and Field Observations for Existing 200-
West Resource Protection Wells, WHC-SD-ER-TI-005, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.

GWL - groundwater level
2 TOC - top of casing

HWIS - Hanford Well Information System
N/A - not applicable
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RLS Data Compared to SGLS Data
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RLS Data Compared to SGLS Data
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Appendix C

Groundwater Trend Plots of Selected
Constituents at the 216-J-12 Crib





Appendix C

Groundwater Trend Plots of Selected
Constituents at the 216-U-12 Crib
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